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3-D Structures ●od Intriasic Defects in rruas.polyacety leoe
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Insrinx filr T’kaeu,she P?IYW UruvamMI Gmz, Grw A-SOIO, AU.UJU

and D. K. Carnp4Ml

Abstract. We reporr firsl+rmmples kahkn811y furmmael pWdOpOWWAf
cakuiauo ntofswtidwemcekoww euumue~ ofcrywlk 3-D

f7am-(CH),. We fM a M symfneay @otd MM ol ~1/a symmary Wlt m.

ph8M dunenzatmtu. Using s Gin’s futKtsoa whnqw, we tbw thu k 3-D
character of the ebctmmc M edge tiatss maqly su~ telfmmppmg,
d8SUbdUUl# @mnu Md ~bfy bt~ W d WI -y ~ 3.D lMW-
(CH-h.

I. Imtroauctlw

III lhIs pa~r we rc~rr w rciuhs of exunuve fmt.~nclplei mdies of ). D
crymllmc IranJ - (CHI, #nd Inuln!lc delech m hs mmerml For Ute clecmmc
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mrucure of crystdme 3-D IWU+CH)X, We employed Pammtxer-fm lad dcnslty
funcuonal dxo~ (LDA) [7] wIWi ab-iniim norrn+onservmg pwudopoteriual: for

carbon [8] and rhe Coulomb pmenual for hydrogen m a momcnmm-space
represenuucm [9]. The eachangearrclamn eqgy LScvaluaud wh he funcwxud

glvcn by Pnmur [10]. The Kohn.Sharn qualms [9] are wdvcd m a plane.wav~

basis wuh up 10 14(NI plane waves ccmqmncbng to a rnasunum kmefx enugy of 30
RydWgs. All toul energm are converged 101 meV,

2. Crystal and electronic structure

SUM the crysul suuture of 3-D IraI@Cl+’)x m us_ state u SUN MS fmly

cstabhshed. [ I I, 12] we hsvc deunnmd 11from ulfanswcnt mmumzmmns of he
ma! enugy wWun LDA, aug’rncnud by a ukukuar of he HeUman.FeynmM faca
[9] on * !Onsm

In order 10 cftamterue fully eIdW of the prupmd mnrahmc structures, 10

SlnKluml umwuust i@kcakuMu4[ 121. With Oiee~ofthedun~aon
amplnude uc = dqj of LIE C-C Imnda m Uw citaut4mcuoII, oWIOUlau?.rgyaM
foscr dculauau yKld all suwuml pmfnmm m eacelfem ~ Wllh * ea.
penrnentai reaulu [121. I?wy WIU b gwen m &sad elaewfmre [13]. llt8 cakukosr
of the Heurnan+eynrMn fma proved cllmal for M Ccurua ~1 of ~ SIH
hey are an txdar of rnagmtudc mum scnmuve to uc than Iha Ma! .-wrgy uael~
kauac of this. ~WOUl IO@ eq st@Oa [6] werG M W Kr ob$am unambIg.

uous rtSUIU (or ~ our cak~ give w ● o.01 A. nus, we find k LDA w

comctly ~dxt 8 Inu&en symmatry - sue bud anumI 1 Wllh * Ms.

[5.61 -10 quanuuuvely un&rcsumatc lha eap.nmsntal vahra [ 12] whtch IS w =
()05 1!.

We ~ve aIuJyzd he ekuoruc vaJcIue charge tinsuy of W monm!mc

mwWandfin d.aseqmed[15]. LhatLhetmdsuas tiveandlwbw *ewrgy
gap m crydlme muu-(CH)n CCUUISIwmanly of mokcukr cwk.x.hnds, In
addIucm.lmweter, we fud a mm.rwghgkde dmmurc of h-n ptyp sua. Ths
H.adrnuIure 13~er falhe Q VaklM bid statalhan fmlhe tXMtOMftMldW,MM’1

band smcs, Ieadmg m a parucle.hok aaymme~ 1161 wh~h shows up ah m the

hand struu,rre Eath H-JUMI on one chain ~mrnucly putts mwuda a putnul of

J C.auxn on orM of lhe neightmnng duns llw C.H thxe HXOU w chains u 29
i m w p~l/a \wturt versus \ I A m w ~lm wrutxure TIIIS dif~eretm pmvIdes



J crucual tiddmumai txindmg etm’gy IIU favcrs the P21/a SMKUUC,

In I.(U band scnrmre for w rimenzcd I%?l/aphase o! cqsallme WanJ-(CH)x we

find UtaI W pau of ‘he IWO Iowex conducuon and h@eas vakmcc tands w I.(M k-
pomt B = (0, O. IL!) are SPIII by 0.53 CV and 0.46 cV, respauvcly. ThIS splmng IS

causal by’. mw=uon of ckcuon~ ca’bon and hydrogen sues on ad~nt chains.
In the band suusurcoflhe P21m~- which Iiasbm ssddpcvmusly [4.5] =
well as m our present work -, die sphumgs acw w W k“poumA = (-112.0. In)
and uc 0.23 ev for each of he band edge SUSCS;tkac smaller splm,utgsrcfka k
larger dmancc &tweuI k mlghbq C md H ~

3. Intriosic Defects

In a slncI.Iy I-D dcforrrsbk chain and mvokmg ~ phonma. a ~ amer
WIII always self.uap du LOh eku’cm.pimnon m~; dusla Lncaur89u3k

txhavmr m 3-D sysums. [5] WM self-~utg u mn guu8nti - requues a
strong elecuon.phonon coupling. Wee our reaulsa show dim die mterchwn
m~wn auully allm * effauva ChenMawy (m*u AalhsymmcuY)d

LtKclecucmu bmistuac bwtollwmlrumum pp, lllackufy eamumllosumly

he mflucmx of k mmhun I-cm cm @ Inmnau. runtlmu Wats -M
by Ute I.D Umtmcs. To cam w tl’us stiy. we ~ve cakuluai lba ekcmmc

mtcmre of 3.D ctywafhne WamJ+CH)R canunng froza+n UIsruw fkfau and
fWlsed on lhe fcMllWW dtmmdsusu mtheeneqy~

we hsvc Irqlfd m fh-pnnclph Cakuuau fm Ilm *S fnlw-!c~ Uysiaf
omo M accwak. muluabud. h hwrsamd *.- - [13]. TM utWr-
$Iu Wrllllonlml ~ ~ haw bls H 10eqdtclt fmmnts of lb ~
bclwoen LkmosnK sws T?EnuwxpmhE@a lmtbtie mgyw.rheulmlc
chWWCfOflfWbbdSSSObtUld fiomInU~c~&NSUefa us-hvalawe
band, and lhe ekcuosb=wauc plmon &fomUum ~wfcwwlmrbdodge
sum Deu.ds WIU be gwe.nebwke [13], k mche thmud ummauuy of ~
we have @arrd W cdcukmm for Wmmf V* d ~.

SIgruficrnlly, we find W IIM YD c-ur of the W alge w pmvcnu k
(ormauun of wlf.uappmg muagap sues; IJIIS deslsbduea lhc onedlmcnsmal

pok141 tICIL4UOII I 31 m crysWnC fnmrply=aykne.wf=n we d~~b *I ~1

Inlcrctwm mauw elemenu U@ m mm lhe @Men bound stasm~ m the gap
for any LSIUCCdISUMIMM, m mmpIeIc ●grecmem WIIJI known I -D resuha [ 18,191.



We have also compuud W ~und SMU due LOa b@aron~ d.qkemem paucm
- comesponhng 10 a scparmed kmk (S) and anu. kmk (S) sol ItorI. Again, the
mtcrcham coupling su’ongly impdca tie tormamn of tmumf SUB m k energy gap

of hra41menmonal mzzr<CH)R. Only for sepamuons exc~ng 6 lat,uce ccmswnu
[ 14 * sues m chain timxioa) ~wocn the kink- and snukmk-soluon (S - ~), a

palrofshall owboundsul csappwrs lnthccncrgygsp.

If we sunply exu@aK k numcncal msuhs m larger S - S d,msmxs, the bm-

dmg encrgIes bartly exccaf rwm mn~mmrc hernaal encrgus for duances S - S

smaller W 8.10 Lstu conssanss. The are NO mldmnal fxlom whwh hmn he
subduy of 8 b@aron. FUSL as has long been raognmd, he formuon of a

~ W“UWIU* pmr co61smserchmnbondutg●- * 10mugJlgnma of
h timcnx.cd phases on ad~ent chains m Lhercgm between the S -5 pur. We
esumme from our uxsl energy calcuk.mns Ihu IJW ntlmmum kmk sepmlton
●uamsbk ms prfatly tired crysti ISof W tir of ~ IMSKCcansuus m chmn
drcaon. Since h eMrornc wave funcuon m a kink-bound state u expuxed m
rxund over 5-10 tie constams, [16] MS mterchmn confmememt to 50 Iamce
ccmsunu suungly hmus dbcfcmnsuon ofs blpduon. M If [m elcmuts uc
capmrcdmlheS-Sbou ndstuc,ihc Cou&mbrepuJsunt w’dlfunhermJucetlteIoWl
eff=uve bmdmg energy. - qumluauve argumenls. fmng Wkd by our G-
(uncuon cakulasums. mkc It plaumbk 11’usbtpolamms sm slso ksublmed m
p=kdy mdsful ~ mIW+Cl&

To conclude. wc dMcuss IJK Iurutsutxis, WI d’iaxeucal and m spphcamn m

prcseruly eamung chung @yin=, of our raulu and menum ~ un~t
-n Issues.Fwst. the LDA calculsuau ~ only ~ of LJMcos’rebsm energy
due to eMzon4ecwn rnmy-t.mdym-m [7]. We = -y QwIymg hes
cslkd self-m-tat (xwrati LDA [201 10 smgk cluuts of (Ctf)l; we fird that IJ’U
mcdtod tends 10 give a substamally Iafger ~n IME LDA. W For dtc

ground w of rnsny :sm~um Insuhms. as well M VM * WAS c~tafs,
[21] howeva, W LDA mahodsm ksmwt mb=ume. frovdmuam-law~.
pressure depmdemes. phavons and phtw lrmuuat mfmmauaI [9]. motd. me
CdCUlti W m W LDA CffcUVC sm~k -k ~ 11*UK ofMx! ~ but
dtifcrs bom II by a ti~, AI [22211. l%U’d.ev- _ OK f~.ff= v~~ of
tic dunenzmmn m our SUMIYIS 100 small, the cnucal hrtd.ed~e splwm# ue
unaffated~by-=li~ c~uonti -asarak’dums show -byhc
pm- Wlw of * dln=lzmml. Forlh, p’ewoUsti llls~lhuforlo@zed
mmnwc defau Coukmo eff~Ls Iyptcafly drive I& m- kvels iowsrds the bsnd
dges, further redm~ Lfwtr*. We Ihucfae ea~t M nom of - Lk8encal
Ilmluums WIII mvs,hduc otu ground sum cslcukmru of h mlemhun cwplmg
mcngh snd WU cffms cmh Imlmcd UIOMW &fau.
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Irtinj-tCHjt. Any ex(rln~ic defect IS Ikely 10 produce gap slalcs. Al prcscnL lhc
cha.m lengths even m highly orlenud, crys!allmc Durbm/Gmz irmu-(CH)x asc
bcheved to be smaJler lhan 40 C-H urms. [ 12,241 and here IS a high dcnslty of
broken bonds. In the rnorpholog~dJy complex Shuakawa miucnal. many chains am

m a chsordcredenvuonmcm M the fibnl surface [25]: N IS dms cwcmbic tit
opucal cxcIuons m parucular m d’usmatcrtel cxhlblt p~rucs wh:ch arc more
charxwsuc of smglc-chams of waw-[CH)X man of the 3-D crysuf. Ous msuhs
smngly sugg~i Uuma numb of cxpcnmcnlaf Issues. mcluchng * mteqmuuon of
OpUCaI absorpuon s~cra, rcquut extensive furhcr study. [n LhIs rc~d. rcccnl

discussions [26] of tic non.sohtomc and cxts’nmc name of the picosecond
phou)cond~uvliy m Irw+CHlx my prow lIhImllWI’lg.

Wc thank l.hc Ccnlcrs for Malerlals Science and Nonlmcas SmdUs for
compumonal SUP at Los -os Nmcmal IAmnuory and ~ Compmauod
ScIenccs DIVISIOn of the US DOE fa compumuond mppcm m Utc N’MFECC u
LIvcrmorc. This work has &en suppwtcd al~ by Uw Fmcfs zur F6r&mng dcr
wIwndaftichem i%rschungm &tmrc~h.
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